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(57) ABSTRACT

A constant-temperature type crystal oscillator includes: a
surface-mount crystal unit, 1n which a crystal element 1s
housed 1n a case main body to hermetically encapsulate the
crystal element with a metal cover, and which includes a
crystal terminal serving as a mounting terminal that 1s elec-
trically connected to at least the crystal element on an outer
bottom face of the case main body; a thermistor that detects an
operational temperature of the surface-mount crystal unit;
and a circuit substrate, on which elements forming an oscil-
lator circuit and elements forming a temperature control cir-
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cuit along with the thermistor are installed. The thermistor
includes a first and second terminal electrode and a tempera-

ture detecting electrode t.

first and second terminal

nat 1s electrically independent of the
| electrode. The temperature detect-

ing electrode 1s electrica

ly connected to the crystal terminal

of the surface-mount crystal unit through a circuit pattern
formed on the circuit substrate.

12 Claims, 4 Drawing Sheets
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FIG 2A Related Art
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FIG. 2B Related Art
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FIG. 3A Related Art
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CONSTANT-TEMPERATURE TYPE CRYSTAL
OSCILLATOR

This application claims priority from Japanese Patent
Application No. 2009-060385 filed on Mar. 13, 2009, the

entire subject matter of which 1s incorporated herein by ret-
erence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a technical field of a crystal
oscillator of a constant-temperature type (hereinaiter called a
constant-temperature type oscillator), and 1n particular, to a
constant-temperature type oscillator that detects an opera-
tional temperature of a crystal unit in real time.

2. Description of the Related Art

Constant-temperature type oscillators keep the operational
temperatures of their crystal units constant. For example, the
constant-temperature type oscillators can obtain a highly-
stable oscillating frequency of 0.1 ppm or less or on the order
of 1 ppb without causing frequency changes dependent on the
frequency temperature characteristics. Therefore, the con-
stant-temperature type oscillators are applied to base stations
of communication facilities.

FIGS. 2A and 2B are diagrams for explanation of one
example of a related-art constant-temperature type oscillator,
in which FIG. 2A 1s a cross-sectional view thereof, and FIG.
2B 1s a schematic circuit diagram thereof.

The constant-temperature type oscillator shown 1n FIGS.
2A and 2B includes an oscillator circuit 1 and a temperature
control circuit 2, and respective elements forming the oscil-
lator circuit 1 and the temperature control circuit 2 are
installed on a circuit substrate 4. The circuit substrate 4 1s held
by lead wires 6 projecting on the surface of ametal base 5, for
example, and a metal cover 7 1s bonded thereon by resistance
welding. The oscillator circuit 1 1s composed of a surface-
mount crystal unit 3A, and a capacitor and an oscillating,
amplifier of an oscillating part. The oscillator circuit 1 1s
tormed as a Colpitts type circuit with the surface-mount crys-
tal unit 3A serving as an inductance component.

FIGS. 3A to 3C are diagrams for explanation of a related art
surface-mount crystal unit, in which FIG. 3A 1s a cross-
sectional view thereof, FIG. 3B i1s a bottom view thereot, and
FIG. 3C 1s a plan view of a crystal element thereof.

As showninthe FIG. 3 A, the surface-mount crystal unit 3A
1s configured so that a crystal element 9 formed as, for
example, an AT-cut crystal element or an SC-cut crystal ele-
ment 1s housed 1n a case main body 8 made of laminar ceram-
ics, which 1s formed to be concave, and a metal cover 10 1s
bonded to hermetically encapsulate the crystal element 9. As
shown 1n FIG. 3B, the case main body 8 includes mounting
terminals 11 on an outer bottom face thereof that includes
crystal terminals 11a on a set of diagonal corners, and ground
terminals 115 on the other set of diagonal corners.

As shown 1n FIG. 3C, leading electrodes 17a, 175 and
excitation electrodes 16a, 165 are formed on the crystal ele-
ment 9. Both sides of one end of the leading electrodes 17a,
176 extending from excitation electrodes 16a, 165 of the
crystal element 9 are firmly fixed to a crystal holding terminal
13 with an electrically conductive adhesive 12. Then, the
crystal element 9 1s electrically connected to the crystal ter-
minals 11a on the outer bottom face of the case main body 8
through wiring paths including end face electrodes on the
outer side face (not shown). The metal cover 10 1s bonded to
a metal ring 18 on an openming end face of the case main body
8 by seam welding, for example, and the metal cover 10 1s
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2

clectrically connected to the ground terminals 115 on the
outer bottom face of the case main body 8 through wiring
paths including through electrodes on the frame wall (not
shown).

In the temperature control circuit 2, a detecting voltage by
a thermistor 3Rth which resistance value changes according
to an operational temperature of the surface-mount crystal
umt 3A and a fixed resistor 3Ra and a reference voltage by
fixed resistors 3Rb and 3Rc¢ are applied to an mput of an
operational amplifier 30A to obtain a comparison voltage.
The comparison voltage controls an output of a power tran-
sistor 3Tr, which supplies electric power to a heating resistor
3Rh that 1s composed of a chip resistor. Thereby, an opera-
tional temperature of the surface-mount crystal umt 3A 1s
kept constant.

In a constant-temperature type oscillator having such a
structure, the surface-mount crystal unit 3 A, the heating resis-
tor 3Rh, the thermistor 3Rth and the power transistor 3'Tr are
installed on a under surface of the circuit substrate 4 facing
the metal base 5. These respective elements 3 are covered
with heat conducting resin 14. Thereby, the surface-mount
crystal unit 3A, the heating resistor 3Rh, the thermistor 3Rth
and the power transistor 3'Ir are thermally coupled.

FIGS. 4A and 4B are diagrams for explanation of another
example of a related art constant-temperature type oscillator,
in which FIG. 4A 1s a diagram of a partial wiring pattern of a
circuit substrate thereotf, and FIG. 4B 1s a diagram of a ther-
mistor thereof. As shown 1n FIGS. 4A and 4B, a thermistor
circuit terminal 15A, to which the first terminal electrode 154
of first and second terminal electrodes 15a, 1556 provided on
both end sides of the thermistor 3Rth 1s connected, 1s con-
nected to crystal unit circuit terminals 11B, to which the
ground terminals 115 of the surface-mount crystal unit 3A are
connected. Thereby, an operational temperature of the sur-
face-mount crystal unit 3A 1s directly detected. The respec-
tive elements 3 of the oscillator circuit 1 and the temperature
control circuit 2 other than the surface-mount crystal unit 3 A,
the heating resistor 3Rh, the thermistor 3Rth and the power
transistor 3'Ir are installed on the top surface of the circuit
substrate 4.

Incidentally, JP-A-2006-311496 and JP-A-2006-278793
cach discloses a related art.

However, 1n a constant-temperature type oscillator having
the above-described configuration, the ground terminals 1156
of the surface-mount crystal umt 3 A, to which the one end of
the thermistor 3Rth 1s connected, involves no electrical con-
nections to the crystal element 9. Thus, 1n a strict sense, the
thermistor 3Rth 1s not m direct thermal contact with the
crystal element 9. Accordingly, there has been a problem that,
even 1f the one end of the thermistor 3Rth 1s electrically
connected to the ground terminals 115, 1t 1s not necessarily
possible to directly detect an operational temperature of the
crystal unit, 1.e., an operational temperature of the crystal
clement 9.

Further, because the one end of the thermistor 3Rth 1s
connected to the ground terminal 115 of the surface-mount
crystal umt 3A, the ground terminal 115 1s provided with an
clectric potential on the one end side of the thermistor 3Rth.
Accordingly, there has been a problem that, at the time of
loading the constant-temperature type oscillator on a set sub-
strate, the ground terminals 115 cannot be connected to the
ground pattern of the set substrate, which makes 1t impossible
to ground the metal cover 10 of the surface-mount crystal unit

3A.

SUMMARY OF THE INVENTION

An object of the present invention 1s first to directly detect
an operational temperature of a surface-mount crystal unit
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and 1s secondly to provide a constant-temperature type oscil-
lator 1n which a metal cover 1s grounded to the ground poten-
tial.

The present invention has been achieved by focusing atten-
tion on the thermistor shown 1n JP-A-2006-278793. That 1s,
the present invention has been achieved by focusing attention
on the thermistor which not only has the first and second
terminal electrodes, but also a third terminal electrode elec-
trically independent of those.

According to a first aspect of the ivention, there 1s pro-
vided a constant-temperature type crystal oscillator compris-
ing: a surface-mount crystal unit, in which a crystal element 1s
housed 1n a case main body to hermetically encapsulate the
crystal element with a metal cover, and which comprises a
crystal terminal serving as a mounting terminal that 1s elec-
trically connected to at least the crystal element on an outer
bottom face of the case main body; a thermistor that detects an
operational temperature of the surface-mount crystal unit;
and a circuit substrate, on which elements forming an oscil-
lator circuit along with the surface-mount crystal unit and
clements forming a temperature control circuit along with the
thermistor are installed, wherein the thermistor comprises: a
first terminal electrode; a second terminal electrode; and a
temperature detecting electrode that 1s electrically indepen-
dent of the first terminal electrode and the second terminal
clectrode, and wherein the temperature detecting electrode 1s
clectrically connected to the crystal terminal of the surface-
mount crystal unit through a circuit pattern formed on the
circuit substrate.

According to a second aspect of the invention, 1n the con-
stant-temperature type crystal oscillator, wherein the case
main body comprises ground terminals serving as mounting,
terminals on the outer bottom face thereof, and wherein the
ground terminals are electrically connected to the metal
cover.

According to the aspects of the invention, the crystal ter-
minals on the outer bottom face of the surface-mount crystal
unit and the temperature detecting electrode of the thermistor
are electrically connected through the circuit pattern. Accord-
ingly, the temperature detecting electrode of the thermaistor 1s
clectrically connected directly to the crystal element (particu-
larly the excitation electrodes) via the crystal terminals on the
outer bottom face. Thereby, 1t 1s possible to directly detect an

operational temperature of the surface-mount crystal unit
more than the case 1n which the thermistor 1s connected to the
ground terminals in the related art.

In addition, according to the second aspect, 1t 1s possible
not only to directly detect an operational temperature of the
surface-mount crystal unit, that is the effect of the first aspect,
but also to ground the ground terminals to the ground pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are diagrams for explanation of a con-
stant-temperature type oscillator according to an embodiment
of the present invention, in which FIG. 1A 1s a diagram of a
partial wiring pattern of a circuit substrate of the constant-
temperature type oscillator, and FIG. 1B 1s a diagram of a
thermistor of the constant-temperature type oscillator;

FIGS. 2A and 2B are diagrams for explanation of one
example of a related art constant-temperature type oscillator,
in which FIG. 2A 1s a cross-sectional view thereot, and FIG.
2B 1s a schematic circuit diagram thereof;

FIGS. 3A to 3C are diagrams for explanation of one
example of a related art surface-mount crystal unit, 1n which
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FI1G. 3A 15 a cross-sectional view thereot, FIG. 3B 1s a bottom
view thereof, and FIG. 3C 1s a plan view of a crystal element
thereof; and

FIGS. 4A and 4B are diagrams for explanation of another
example of a related art constant-temperature type oscillator,
in which FIG. 4A 1s a diagram of a partial wiring pattern of a
circuit substrate thereot, and FIG. 4B 1s a diagram of a ther-
mistor thereof.

(L]
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DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

Hereiatter, an embodiment of the present invention will
be described with reference to the drawings. FIGS. 1A and 1B

are diagrams of a partial wiring pattern of a circuit substrate
and a thermistor of a constant-temperature type oscillator
according to the embodiment of the invention. In addition,
portions which are the same as those in the related art are
denoted by the same numbers, and descriptions thereof will
be simplified or omitted.

The constant-temperature type oscillator 1s composed of
the oscillator circuit 1, which includes the surface-mounted
crystal unit 3A, and the temperature control circuit 2, which
keeps an operational temperature of the surface-mount crys-
tal unit 3A constant. The surface-mount crystal unit 3A
includes the crystal terminals 11a and the ground terminals
115 on the outer bottom face of the case main body 8 and 1s
formed by hermetically encapsulating the crystal element 9
with the metal cover 10. Then, the constant-temperature type
oscillator 1s configured so that the respective elements 3 com-
posing the oscillator circuit 1 and the temperature control
circuit 2 are 1nstalled on the circuit substrate 4, and the metal
cover 7 1s bonded thereon so as to hold the circuit substrate 4
on the metal base 5 (refer to FIG. 2).

The temperature control circuit 2 includes at least the heat-
ing resistor 3Rh, the power transistor 31r and the thermaistor
3Rth. The temperature control circuit 2 1s installed on the
under surface of the circuit substrate 4. The thermistor 3Rth
includes the first and second terminal electrodes 154, 1554 on
both end sides thereof. The thermistor 3Rth 1includes a tem-
perature detecting electrode 15¢ on a central area electrically
independent of those. Then, the thermistor 3Rth 1s installed so
as to be adjacent to the surface-mount crystal unit 3A.

The circuit substrate 4 includes crystal unit circuit termi-
nals 11A, 11B and thermistor circuit terminals 15A, 15B,
15C. The mounting terminals 11 (the crystal terminals 11a
and the ground terminals 115) of the surface-mount crystal
unit 3A are firmly fixed to the crystal umit circuit terminals
11A, 11B. The terminal electrodes 15a, 155 and the tempera-
ture detecting electrode 15¢ of the thermistor 3Rth are firmly
fixed to the thermistor circuit terminals 15A, 15B, 15C. The
crystal unit circuit terminals 11A, 11B correspond to the
mounting terminals 11a, 115 of the surface-mount crystal
unmit 3A. That 1s, a set of diagonal corners serve as the crystal
unit circuit terminals 11A to which the crystal terminals 11a
are firmly fixed, and the other set of diagonal corners serve as
the crystal unit circuit terminals 11B to which the ground
terminals 115 are firmly fixed.

The thermistor circuit terminals 15A, 15B, 15C are formed
s0 as to be adjacent to the crystal unit circuit terminal 11A, to
which the crystal terminal 11a of one of the surface-mount
crystal unit 3A 1s firmly fixed. Then, the thermistor circuit
terminal 15C, to which the temperature detecting electrode
15¢ 1s firmly fixed, 1s electrically connected to the crystal unit
circuit terminal 11A, to which the crystal terminal 11a 1s
firmly fixed, through the wiring pattern.
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With such a configuration, the temperature detecting elec-
trode 15¢ of the thermistor 1s electrically connected to the
crystal terminal 11a on the outer bottom face of the surface-
mount crystal unit 3A (case main body 8) through the wiring
pattern. In this case, the crystal terminal 11a on the outer
bottom face 1s electrically connected to the leading electrodes
17a, 175 and the excitation electrodes 16a, 165 of the crystal
clement 9 via the wiring paths and the crystal holding termi-
nal 13 in the case main body 8. Accordingly, the thermistor
3Rth 1s capable of directly detecting a temperature of the
excitation electrode portion of the crystal element 9, which 1s
an operational temperature of the surface-mount crystal unit,
via the wiring paths with high thermal conductivity.

Then, because the ground terminals electrically connected
to the metal cover 10 hermetically sealing up the opening end
face of the case main body 8 involve no electrical connections
to the thermistor 3Rth as 1n the related art, the ground termi-
nals 116 can be grounded to the ground pattern of the set
substrate.

In the above-described embodiment, the temperature
detecting electrode 15¢ of the thermistor 3Rth 1s connected to
one of the crystal terminals 11a serving as amounting termi-
nal. Alternatively, the temperature detecting electrode 15¢ of
the thermistor 3Rth may be connected 1n common to the other
crystal terminal 11a. In this case, the surface-mount crystal
unit 1s operated with a resistance value of a higher tempera-
ture detected by one of the crystal terminals 11a.

Further, two thermistors 3Rth independent of each other
may be installed to, not only one of the crystal terminals 11a,
but also both crystal terminals 11aq, and the temperature
detecting electrode 15¢ may be electrically connected
thereto. In this case, the thermistors 3Rth are connected
directly or 1n parallel, and an average value of detected tem-
peratures from both crystal terminals 11a can be obtained.

What 1s claimed 1s:

1. A constant-temperature type crystal oscillator compris-

ng:

a surface-mount crystal unit, in which a crystal element 1s
housed 1n a case main body to hermetically encapsulate
the crystal element with a metal cover, and which com-
prises a crystal terminal serving as a mounting terminal
that 1s electrically connected to at least the crystal ele-
ment on an outer bottom face of the case main body;

a thermistor that detects an operational temperature of the
surface-mount crystal unit; and

a circuit substrate, on which elements forming an oscillator
circuit along with the surface-mount crystal unit and
clements forming a temperature control circuit along
with the thermistor are installed,

wherein the thermistor comprises:

a first terminal electrode:

a second terminal electrode; and

a temperature detecting electrode that 1s electrically
independent of the first terminal electrode and the
second terminal electrode, and

wherein the temperature detecting electrode 1s electrically
connected to the crystal terminal of the surface-mount
crystal unit through a circuit pattern formed on the cir-
cuit substrate.

2. The constant-temperature type crystal oscillator accord-

ing to claim 1,

wherein the surface-mount crystal unit further comprises
ground terminals serving as mounting terminals on the
outer bottom face of the case main body and
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wherein the ground terminals are electrically connected to

the metal cover.

3. The constant-temperature type crystal oscillator accord-
ing to claim 1,

wherein the thermistor and crystal unit are mounted to the

circuit substrate such that the electrodes of the ther-
mistor are adjacent to the crystal terminal of the crystal
unit.

4. The constant-temperature type crystal oscillator accord-
ing to claim 1,

wherein the circuit substrate includes at least one ther-

mistor circuit terminal, and the temperature detecting
clectrode 1s firmly fixed to the thermistor circuit termi-
nal.

5. The constant-temperature type crystal oscillator accord-
ing to claim 4,

wherein the thermistor circuit terminal 1s directly electri-

cally connected to the crystal terminal of the surface-
mount crystal unit through the circuit pattern formed on
the circuit substrate.

6. The constant-temperature type crystal oscillator accord-
ing to claim 1, wherein the circuit pattern formed on the
circuit substrate also thermally connects the temperature
detecting electrode to the crystal terminal of the surface-
mount crystal unit.

7. The constant-temperature type crystal oscillator accord-
ing to claim 2,

wherein the circuit pattern formed on the circuit substrate

also directly thermally connects the temperature detect-
ing electrode of the thermistor to the crystal terminal of
the surface-mount crystal unit, which 1s electrically con-
nected to at least the crystal element, so that the ther-
mistor 1s configured to directly detect the operational
temperature of the surface-mount crystal unait.

8. The constant-temperature type crystal oscillator accord-
ing to claim 2,

wherein the thermistor 1s electrically independent of the

ground terminals of the surface-mount crystal unit,
which are electrically connected to the metal cover.

9. The constant-temperature type crystal oscillator accord-
ing to claim 8,

wherein the metal cover 1s configured to be grounded to a

ground potential.

10. The constant-temperature type crystal oscillator
according to claim 1,

wherein:

the first terminal electrode and the second terminal elec-
trode are disposed at both end sides of the thermistor;
and

the temperature detecting electrode 1s disposed at a cen-
tral area of the thermistor between the first and second
terminal electrodes.

11. The -constant-temperature type crystal oscillator
according to claim 10,

wherein the first terminal electrode, the second terminal

clectrode and the temperature detecting electrode of the
thermistor are electrically independent of the ground
terminals of the surface-mount crystal unit, which are
clectrically connected to the metal cover.

12. The -constant-temperature type crystal oscillator
according to claim 11,

wherein the metal cover 1s configured to be grounded to a

ground potential.
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